Odontogenic tumors are a complex and diverse group of lesions affecting the maxillomandibular skeleton. Classification of these lesions is based upon their embryonic tissue origin-namely epithelial, mesenchymal, or mixed. Ameloblastomas account for 1% of all oral tumors and 10% of all tumors from odontogenic origin.
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Surgical treatment of ameloblastomas depends on the size and location of the tumor, but for large or recurrent tumors, resection of the involved bone is the treatment of choice. For small defects, local resection, curettage, and bone grafting may be performed. For so-called "giant" or "extreme" ameloblastomas, a microvascular free flap with bone is often required. Although there is no strict definition, these are lesions that have uniformly become exophytic, disrupting normal anatomy, and are greater than 6 cm in size. Such tumors will always require composite resection to obtain clear margins and stabilization with vascularized bone and rigid fixation plating. Mandibular reconstruction utilizing a Keywords ► ameloblastoma ► mandible reconstruction ► free fibula
Abstract
Background The authors describe our current practice of computer-aided virtual planned and pre-executed surgeries using microvascular free tissue transfer with immediate placement of implants and dental prosthetics. Methods All patients with ameloblastomas treated at New York University (NYU) Medical Center during a 10-year period from September 2001 to December 2011 were identified. Of the 38 (36 mandible/2 maxilla) patients that were treated in this time period, 20 were identified with advanced disease (giant ameloblastoma) requiring aggressive resection. Reconstruction of the resultant defects utilized microvascular free tissue transfer with an osseocutaneous fibular flap in all 20 of these patients. Results Of the patients reconstructed with free vascularized tissue transfer, 35% (7/ 20) developed complications. There were two complete flap failures with consequent contralateral fibula flap placement. Sixteen patients to date have undergone placement of endosteal implants for complete dental rehabilitation, nine of which received immediate placement of the implants at the time of the free flap reconstruction. The three most recent patients received immediate placement of dental implants at the time of microvascular free tissue transfer as well as concurrent placement of dental prosthesis. Conclusions To our knowledge, this patient cohort represents the largest series of comprehensive computer aided free-flap reconstruction with dental restoration for giant type ameloblastoma.
free fibula flap is used preferentially by the authors. Twenty patients are presented in this report that required resection of giant type ameloblastomas of either the mandible or maxilla and underwent reconstruction with a composite free fibula transfer.
The goal in all of these patients is to not only resect the tumor but to provide an orthognathically ideal reconstruction. In this report, the authors present their evolving experience of computer-aided, computer-aided design and computer-aided manufacturing (CAD/CAM) virtually planned precise bony and dental restoration for these tumors. Initially, the hallmark of the preoperative approach had been meticulous preoperative planning of all parts of the procedure utilizing three-dimensional (3D) stereolithographic models. However, over the past 10 years this evolution has taken us to our current practice of virtual surgical simulation utilizing reconstructed 3D images and creation of staged models and cutting guides, which enable precise osteotomies and plating, providing for an ideal functional outcome.
Methods
All patients with ameloblastoma treated at the Institute of Reconstructive Plastic Surgery at New York University were included in this study. The 10-year study period extended from November 2001 to December 2011. A multidisciplinary team evaluated all patients.
Thirty-eight patients with ameloblastoma of the maxilla or mandible that met the inclusion criteria were identified. The mean age of these 38 patients was 32; the majority were male (n ¼ 26). Of these 38 patients, 20 were found to have giant type ameloblastomas. With institutional review board (IRB) approval, the charts and records of all these patients were reviewed. Excluded from the study (n ¼ 2) were patients with incomplete records (examinations, photographs, or documentation) and inadequate follow up.
Patient demographics were noted for each patient. Additionally, the records were reviewed for type and length of resection, resultant bony and soft tissue defects, tumor pathology, type and timing of reconstruction, specifics of the reconstruction, stage of implant reconstruction and complications.
Results
Twenty patients presented with giant or extreme ameloblastoma of the upper and lower jaw. Eighteen patients underwent resection for mandibular tumors and two for maxillary pathology. The size of the resected lesions ranged from 5 to 15 cm. Eight patients underwent segmental mandibulectomy and 10 underwent hemimandibulectomy. Two patients required total condylar resection and reconstruction due to the tumor size and location. A total of 22 free fibular flaps were placed. For all flaps a skin island was included in the harvest to utilize either repairing mucosal defects or for soft tissue augmentation.
Sixteen patients to date have received endosseous dental implants, nine of which received immediate placement of the implants at the time of the free flap reconstruction. The three most recent patients received immediate placement of dental implants as well as immediate placement of a dental prosthesis. All patients who received endosteal implants resulted in near normal function including range of motion, mastication, and phonation when compared with their preresection level of function. Immediate placement of the implants at the time of resection has become our standard of care for treatment of benign tumors unless technically problematic.
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Seven of the 38 patients experienced some type of complication. There were two flap failures secondary to arterial thrombosis that required removal and replacement with the fibula from the contralateral lower extremity. There was also one partial flap loss, which occurred in the distal portion of a double-barreled segment. This area was subsequently resected and not consequential toward full bone healing. The patient eventually proceeded to implant placement and full restoration. There were three donor site complications, of which temporary traction injury to the common peroneal nerve was the most serious but eventually had full recovery. Two patients experienced skin graft breakdown, which required local dressing care but healed without further intervention. Also there was one neck hematoma requiring reexploration.
Reconstruction Protocol
The size of the tumor in all patients was so large that the normal anatomic contour of the mandible or maxilla was completely lost. For the initial 11 cases, model surgery was performed on the stereolithographic skeleton. The resection was executed on this model and the plate bent precisely into the desired position, taking into account the appropriate height for the fibula and the desired mandibular shape. This plate was subsequently sterilized and utilized in the operating room (OR) for the patient's reconstruction. Because of the exophytic nature of the tumor, it was often impossible to place the final plate prior to the resection, requiring strategies for jaw stabilization during the surgery. This usually included a series of plates bent around the tumor analogous to an external fixator (►Fig. 1).
Most recently, we have advanced our techniques with Medical Modeling Inc. (Golden, Colorado, USA) by performing the resection and reconstruction virtually and creating the plates and models entirely based off the computed tomography (CT) scans and computer models of dental occlusion. This precisely planned virtual surgery enabled fabrication of plates and intermediary splints, bone cutting guides, and virtual and subsequent life placement of endosseous dental implants and dental prosthetics. 4 As a result, the sites of the planned osteotomies and reconstruction are now accounted for in the virtual surgery; the stereolithographic model is created with the free bone graft in place, which can then be used to precisely contour the plates.
Complete Computer-Aided Surgical Modeling
Computer-aided mandibular reconstruction involves a planning phase, a modeling phase, and the surgical phase.
Planning Phase
Planning begins with a high-resolution CT scan of the patient's craniofacial skeleton and scans of the lower extremities to obtain information about the vascular and bony anatomy. The images are then forwarded to the modeling company (Medical Modeling, Inc.). The scans are converted into 3D, virtual reconstructions. A web meeting is then held with engineers from the modeling company and the surgical team. The key parameters of the planning phase are the margins of bony resection and location of fibula placement in relation to the remaining mandible or maxilla. These parameters are determined by the surgeon and marked on the 3D reconstruction image (►Fig. 2). After cutting paths are chosen at the margins of the diseased bone, the segment is virtually removed and the planning of the reconstruction begins. The 3D fibular image is superimposed on the mandibular defect in its desired orientation. Using this image, fibular osteotomies are designed to fit the idealized reconstruction, thus recreating the shape of the resected portion of the native, nondiseased mandible or maxilla. The shape of the plate and the number and lengths of fibular segments can be modified online to optimize the shape of the reconstruction; maintain well-vascularized segments of fibula; provide an appropriate bone-plate relationship for positioning of implants; seamless bony approximation; and, most importantly, maintain a perfect occlusal arrangement. Although the fibula provides excellent support and bone width, the height of the fibula is less than that of the mandible. 5 Consequently, when planning the placement of the fibula, we take into account the desire for orthodontic restoration with endosteal implants by positioning the bone more on the central to upper portion of the mandible to facilitate placement of the implants.
Modeling Phase
Next, the modeling phase begins, which involves stereolithographic manufacturing of the planned components. A model of the native craniofacial skeleton is created to assist intraoperatively. Cutting guides are produced that fit onto the mandible and allow the angles of resection to exactly match those created during the planning phase. A reconstruction plate template is designed that facilitates precise bending of the titanium plate preoperatively and can be made to match the plate design of the desired plating company.
Surgical Phase
The harvest of the osseocutaneous flap is performed in typical fashion. As noted above, there is often a gingival defect with resection of giant ameloblastomas, and harvest of a skin paddle provides security of a tension-free intraoral closure. In general, when an intraoral skin paddle is required, the contralateral fibula is chosen as the donor site. The cutaneous perforators are identified using a handheld Doppler preoperatively. The skin paddle size is estimated based on the need for intraoral and extraoral soft tissue. Harvesting of the flexor hallucis longus or a portion of the soleus muscle, if needed, obtains additional bulk. The length of the pedicle is increased by dissecting the peroneal artery and veins away from the fibula to the point where the osteotomies are to be performed.
Technique for Performing the Osteotomies
Initially, we planned the osteotomies using a technique of cutting a disposable ruler intraoperatively to act as a template for the fibula osteotomies (►Fig. 3A). The wedges that are cut were used to guide the wedges to be taken from the fibula and the remaining, straight segments guided the length needed for each fibula segment (►Fig. 3B). However, as outlined, this approach has now been modified and modernized significantly. The challenge of judging the appropriate fibula lengths and intersection angles has become obviated by the use of the fibula cutting guides, which, as stated above, are fabricated from the virtual fibula and provide cutting slots that guide the osteotomies and exactly replicate the cuts for both the endand closing-wedge osteotomies as planned (►Fig. 4). After completion of these osteotomies, the fibula is secured to the reconstruction plate. The need for trimming of the neomandible should be minimal because the cutting guides reproduce the exact angles for a flush bone-to-bone fit (►Fig. 5A, B).
Taking these techniques a step further, we now, prior to creation of the fibular osteotomies, use the nSequence Company (Reno, Nevada, USA) endosseous implant guides to place dental implants in the fibula. The planning phase is similar to before but has become more sophisticated (►Fig. 6A, B). The models are created with the implant and dentures in place (►Fig. 7A, B). This makes it possible to have the dental prosthesis immediately loaded onto the dental implants while the flap is still attached to the vascular pedicle (►Fig. 8A-C).
Regarding the facial portion of the procedure, incisions are planned and the resection is begun simultaneously to the flap harvest. Access to the mandible or maxilla is based on location and tumor size and, after this is obtained, placing the dentate patient into maxillo-mandibular fixation (MMF) or the Luhr technique (attaching the proximal mandible to the maxilla) are performed. 6 Once the diseased bone segment is exposed and the proximal and distal segments are stabilized, the mandibular cutting guides are then secured to the mandible (►Fig. 9). These guides enable an exact duplication of the angles of osteotomy that were planned on the computer. A sagittal saw is then used through these jigs to create the osteotomies. Once the mandible is resected, the definitive reconstruction plate is placed on the mandible in the predetermined position. The flap is then divided from the lower extremity, brought to the mandibular defect, and secured to the previously placed reconstruction plate. The dentures and a splint and intermaxillary fixation (IMF) are used to further maintain the patient in occlusion, maximizing both efficiency and precision (►Fig. 10).
The anastomoses in the neck are performed in standard fashion and can be performed on the side of the mandibular defect or, in the case of central or bilateral defects, the side where better quality vessels are found.
Discussion
Ameloblastomas are generally benign, but locally invasive, tumors of odontogenic origin.
Classification of these lesions is based upon morphology. Ameloblastomas are placed into five subtypes:
1. Solid, the most common type, is characterized radiographically by a multilocular appearance and histopathologically by connective tissue invasion.
7,8
2. Cystic luminal ameloblastoma is characterized by the existence of a single cystic cavity lined by ameloblastic epithelium and growth of neoplastic tissue into the cystic lumen. Adolescent patients more often present with this type, which is often associated with an impacted third molar. Treatment of these lesions is generally conservative.
8,9
3. Cystic mural ameloblastoma is characterized by the growth of ameloblastic tissue from the connective tissue of the cystic lining or ameloblastomatous transformation of the entirety of the epithelial lining. This type is thought to be more aggressive than the cystic luminal subtype.
4. Extraosseous or peripheral ameloblastoma affects the oral soft tissues, especially the gingiva. 8 This subtype is typically found in the retromolar mandibular region in patients in the fifth and sixth decades of life. The tumor is superficial to the bone and treated with local excision. 5. Desmoplastic ameloblastoma is characterized by compressed islands and thin cords of ameloblastic or basaloid epithelial cells within collagenized stroma. Unique to the desmoplastic variant, this tumor has poorly demarcated borders radiographically. This subtype requires complete resection.
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Rarely ameloblastomas may exhibit malignant behavior, as in the cases of ameloblastic carcinoma 7 and malignant ameloblastoma.
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Approximately 80% of ameloblastomas occur in the mandible, most often in the molar/ascending ramus regions. The remaining 20% of lesions occur in the posterior maxillary region. 8, 12 Typically, ameloblastomas are asymptomatic.
Smaller lesions are often only detected upon routine radiographic examination. As the tumor enlarges, patients report a slow-growing, painless swelling, typically of the posterior jaws, with no history of trauma or carious teeth in the region. Paresthesias are rare. 13 The most typical radiographic presentation of this neoplasm is that of a multilocular radiolucency associated with an unerupted tooth. Features of buccal/ lingual cortical expansion-mobility of teeth, delayed eruption of teeth, displaced teeth as well as the resorption of roots of adjacent teeth-are common.
12,14
Treatment options range from curettage to local excision to en bloc resection of the affected bone. Resection is usually reserved for large solid lesions or cystic lesions demonstrating aggressive clinical behavior. Treatment options of smaller, cystic ameloblastomas include curettage, chemical destruction (i.e., cryotherapy/Carnoy's solution), and marsupialization/decompression.
15,16
Giant type ameloblastoma-related lesions are often exophytic and can distort the normal anatomy significantly. Because of the cosmetic and functional importance of the face, the reconstructive demands are considerable, often necessitating vascularized bone flaps.
17 Selection of the ideal flap for mandibular reconstruction depends on the specific requirements of the patient. The three most commonly used options are the fibula, scapula, and iliac crest.
18
Since Hidalgo's initial report (1989), 19 the osseous or osseocutaneous free fibula flap has emerged as the gold standard for mandibular reconstruction. This flap provides many advantages over previously described methods. [20] [21] [22] [23] It has a large, reliable vascular pedicle. The dual endosteal and segmental periosteal circulation allows the reconstructive surgeon to perform multiple osteotomies to shape the neomandible without devascularizing the flap. Length and width of the fibula permit immediate or delayed placement of osseointegrated implants. Furthermore, it can be harvested by a second team simultaneous to the mandible resection. Even though ameloblastomas are benign, the gingiva that remains after resection is often unreliable and usually Fig. 8 (A, B, C) For patients who will have the dental prosthesis immediately loaded onto the dental implants, this can all be done while the flap is still attached to the vascular pedicle.
requires replacement with an intraoral skin island. The osseocutaneous fibula flap provides for a large, thin, pliable skin island, which can be harvested based on septocutaneous perforators. This paddle also helps to protect the bone, plate, and neck from intraoral secretions and allows for easier flap monitoring postoperatively. The two complete flap failures out of the 22 flaps occurred early in our series, but since we have used a combination of skin paddles and implantable arterial and venous Doppler monitoring, we have not encountered another flap loss. It can, if bulky, be removed postoperatively to provide for easier implant placement and creation of a buccal sulcus. One disadvantage when including such a skin island is the frequent necessity of skin grafting the donor site.
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Over the course of the past 10 years, we have significantly modified our approach when addressing these tumors. Similar to others, in our center, operations that require free flap reconstruction are performed by two teams: the extirpative and the reconstructive. The length of the procedure can thus be minimized by having the two teams perform as much of the operation as possible simultaneously. With the introduction of 3D laser stereolithography, exact models of the craniofacial skeleton can be produced rapidly and with relative ease. We utilize these models whenever bony reconstruction is indicated, which has made preoperative planning and plate conformation considerably easier and faster. This results in shortened operative time by eliminating intraoperative plate bending and maximizes both functional and aesthetic results. Initially, we also used these models to perform model surgery and provide an exact template for designing the fibular osteotomies. Now, however, the entire operationincluding the fibula osteotomies and inset-are performed virtually, and appropriate cutting guides are designed accordingly as outlined above.
Although we have been transitioning over the past 4 years to a complete CAD/CAM pathway of treatment for all of our head and neck reconstructive patients, we only evolved these techniques based off of the precision in surgical planning that was offered by using the stereolithographic models. The incorporation of these models has changed, for the better, the surgical planning, operative time, and most importantly the functional outcomes of patients. 25, 26 The same techniques utilized for the planning of the osteotomies are now also used to plan the exact location of the endosteal implants. To date, 15 patients have gone on to complete dental restoration. Eight of these patients had endosteal implants placed intraoperatively at the time of reconstruction, ultimately leading to a reduced number of interventions required.
Conclusion
This report describes our experience in treating 20 patients with giant type ameloblastomas. We describe the evolution of our techniques from using preoperatively obtained 3D stereolithographic models of the cranial skeleton to perform model surgery to our current concept of an complete CAD/CAMguided approach. At our institution, resection and microvascularized free flap reconstruction with immediate placement of endosseous dental implants and dentures has become the standard for ameloblastomas larger than 6 cm. Fig. 9 The mandibular cutting guides are secured to the mandible to assist in tumor extirpation.
Fig. 10
Oromandibular reconstruction with dentition is performed in a single stage.
